Vitis vinifera is a species of Vitis that is native to the Mediterranean region, central Europe, and southwestern Asia, and has been used as a drug in traditional medicine. Traditional medicinal plants have been used for medical purposes with increasing effectiveness. It is important to identify drugs that inhibit spermatogenesis. Therefore, the present study aimed to investigate the effect of grape juice (GJ) on serum levels of inhibin B and sperm count in normal male rats.
INTRODUCTION
Population control is one of the most important issues in global health, and extensive research in the field of male contraception is being carried out [1] . Some studies on plants that have a history in use in traditional medicine, such as the grape, have suggested that these plants may negatively affect fertility in men. The grape (Vitis vinifera L. Vitaceae) is cultivated worldwide and is of considerable commercial and medicinal importance. In traditional medicine, grapes have been recommended for the treatment of dysentery, pertussis, phthisis, and gastroenteritis.
Despite its beneficial effects, its use can be harmful to the kidneys and bladder and may reduce sperm parameters. Iran is one of the most important grape-growing countries, and many Persian cultivars of the grape exist, such as the Asgari and Keshmeshi cultivars [2] . V. vinifera contains many phenolic compounds. Anthocyanins can be found in the skin of grapes, hydroxycinnamic acids in the pulp, and condensed tannins known as proanthocyanidins in the seeds. Stilbenoids can be found in the bark and in the wood. Trans-resveratrol is a phytoalexin produced to inhibit the growth of fungi such as Botrytis cinerea [3] .
Grape juice (GJ) contains polyphenols, may increase plasma antioxidant capacity and has protective effects on the vascular system [4] . However, some polyphenols may have harmful effects at high doses or concentrations. In addition, some polyphenols may have antiandrogenic effects, influencing male and female fertility and inducing testicular atrophy [5] . Inhibin is a dimeric glycoprotein that is secreted by the gonads under the stimulation of follicle-stimulating hormone (FSH), and can inhibit FSH secretion and have a corresponding effect on the testis [6] . It is composed of two chains: the α-chain and the β-chain. The β-chain consists of two subunits with different molecular weights. Based on the β-chain, inhibin is divided into two subgroups: A and B [7] . It is well known that inhibin B is the only form of inhibin present in male serum, and is produced by Sertoli cells. Inhibin B can affect the function of the seminiferous epithelium and is regulated by the feedback of the pituitary-gonadal axis. Germ cells and possibly even interstitial cells may produce inhibin as well [8] . Spermatogenesis is dependent on pituitary FSH and on intratesticular testosterone. Previous studies have suggested that inhibin B is a testis-specific marker to check normal gonadal function [9] . In several studies, inhibin B has been found to be a marker on positive spermatogenesis dynamics [10] . Inhibin B levels have likewise been associated with testis volume and sperm count [11] . Therefore, the purpose of the present study was to investigate the effects of V. vinifera (V. Asgari) juice on serum levels of inhibin B and sperm count in normal male rats.
MATERIALS AND METHODS

Grape juice preparation
Asgari grapes, which are known to be one of the most important Iranian seedless grape cultivars and are consumed fresh as well as used in raisin production, were purchased from the Center of Fruits and Vegetables in Ahvaz, Iran as V. vinifera. The grapes were washed gently in fresh water to remove any foreign materials. The grapes themselves were removed from the vine, covered with a thin cloth, and were subjected to pressure in order to extract their juice, which was centrifuged and the upper layer was removed. In order to achieve the highest possible concentration, the liquid was placed in an oven at a low temperature. After evaporation of the surface water and drying, the purity of 10% were obtained. The desired doses (100, 200, 400 [12] , and 1,600 mg/kg of GJ) were prepared. The concentrated juice was stored at 4 o C until use.
Preparation of the animals
Thirty-five adult male Wistar rats weighing 200±20 g were used in this experiment. The rats were obtained from the animal facility of the Ahvaz Jundishapur University of Medical Sciences (AJUMS). All animals were kept under standard conditions over the course of the experiment, with a reverse 12-hour dark-light cycle (temperature, 20 o C ±4 o C), and were allowed free access to standard diets and water. The experimental protocols were conducted in accordance with the guide for the care and use of laboratory animals issued by the AJUMS and approved by the AJUMS Committee of Ethics in Research. The male rats were randomly divided into five groups of seven animals each; one group was the control, and the other four groups corresponded to different doses of GJ. The rats were allowed to acclimatize in the laboratory for a period of one week before the beginning of the study [13] .
Experimental design
Thirty-five adult male rats were used for this study. The rats were divided into five groups as follows. Group 1 was the control group, consisting of five animals who only received 1 mL of physiological saline solution by oral gavage [14] . Four experimental groups consisted of five rats apiece. The animals in these groups received 100, 200, 400, and 1,600 mg/kg of GJ, respectively, by oral gavage. Each rat received a daily dose fed in the late morning, every day for 35 days.
The entire spermatogenic process in rats takes place over 45 days [15] , but it has been established that most environmentally induced changes in the sperm occur within 35 days [16] . Therefore, all rats were treated for 35 consecutive days. Before administration, the calculated doses were dissolved separately in distilled water. At the end of the experiment, blood samples were collected for hormonal evaluation. The rats were weighed before and after the experiment.
Organ weight and inhibin B assay
Twenty-four hours after the end of the thirty-fifth day, the rats were anesthetized using 10% ketamine and 2% xylazine (Alfasan, Woerden, Netherlands), and blood samples were collected from all animals through heart puncture in order to measure inhibin levels. The blood samples from the rats in each group were centrifuged at 3,000 rpm for 15 minutes to separate the sera from the clots and kept in the deep freezer (−20 o C) until analysis. Serum inhibin B was measured using a double-antibody solid-phase sandwich enzyme-linked immunosorbent assay (DSL-10-84100i; Diagnostic Systems Laboratories, Webster, TX, USA) using a monoclonal antibody raised against the inhibin-βB subunit, with a detection limit of 7 to 1,000 pg/mL [7] . The weight difference between the first and last day of administration of GJ was recorded. The chest was then opened, and the testis, epididymis, and accessory sex organs (seminal vesicles and prostate glands) were dissected, grossly examined, and weighed. The index weight (IW) of the organ was calculated as: IW=organ weight/body weight×100.
Density of sperm
After laparotomy and removal of the testes, the cauda epididymis was removed and placed into 20 mL of fresh physiological saline at the laboratory temperature. Surgical scissors were then used to create a small incision to extract the spermatozoa from the tubules, and the spermatozoa were then homogenized. Next, 10 mL of physiological saline were added to this suspension until an attenuated 10-fold suspension was produced. One drop of the diluted sperm suspension was transferred to each counting chamber of the improved Neubauer (Deep 1/10 mm; LABART, Munich, Germany) and according to established practical methods for sperm counting, white blood cell counts were obtained and the sperm cells were counted under a light microscope at 100× magnification. The testis was placed in 50 mL of fresh physiological saline (37 o C) and completely homogenized using a homogenizer. One drop of this material was placed on the Neubauer chamber after two minutes and, as described above, the spermatozoa were counted by an optical microscope at 100× magnification. The number of sperm per testis was calculated using the following formula:
Epididymal sperm reserve=sperm count in 400 small squares×Dilution×1,000 [17] Cauda epididymal and testicular sperm counts were also carried out and expressed as 10 
Daily sperm production
The method by Parandin et al [18] was used for determining the daily sperm production (DSP). In the Wistar rat, developing spermatids spend approximately 6.3 days in spermatogenesis. Thus, to obtain the total DSP and the efficiency (DSP/g) of sperm production, the values obtained above were divided by the number of spermatids per testis and the number of spermatids per grams of testis, respectively.
Statistical analysis
The data were analyzed using IBM SPSS ver. 20.0 (IBM Co., Armonk, NY, USA). The results were expressed as the mean standard error of the means and analyzed for statistical significance using one-way analysis of variance followed by Tukey's test. p values ＜0.05 were considered to indicate statistical significance.
RESULTS
The effects of GJ on body weight difference and reproductive organ weight are given in Table 1 . The oral administration of GJ significantly reduced the body weight difference in comparison with the control group (p＜ 0.001, p＜0.05). The results of the post-hoc analysis show an especially significant decrease in body weight difference in the group that received 1,600 mg/kg of GJ compared to the group that received 100 mg/kg of GJ (p＜ 0.001). A significant decline in the weight of the testes and prostate (expressed in mg/100 g of body weight) was observed in the treatment group that received 400 mg/kg of GJ compared with the control group (p＜0.05). Moreover, testis weight was significantly increased in the group receiving 200 mg/kg of GJ compared to the groups receiving 100 mg/kg of GJ (p＜0.05) and 400 mg/kg of GJ (p＜ 0.001). The weight of the epididymis was significantly lower in the group receiving 100 mg/kg of GJ than in the group receiving 1,600 mg/kg of GJ (p＜0.05). The weight of the prostate was significantly greater in the group receiving 100 mg/kg of GJ compared to the group receiving 400 mg/kg of GJ (p＜0.05).
The effect of GJ on inhibin B concentration, sperm motility, sperm count, and DSP are presented in Table 2 . Sperm motility, sperm count, and DSP were significantly lower in the treatment groups, especially at higher doses, than in the control group (p＜0.05 and p＜0.001, respectively). DSP was significantly lower in the groups that received 400 mg/kg of GJ and 1,600 mg/kg of BJ than in the group that received 100 mg/kg of GJ. Inhibin B levels in all treatment groups showed a significant decrease (p＜ 0.05 and p＜0.01).
DISCUSSION
Much research has recently been focused on the anti-fertility effect of plant extracts, especially on the male contraceptive effects of such extracts [1] . These effects may be assessed in a number of ways. Nonetheless, such plants can be considered a convenient and relatively safe method of contraception, especially since the consumption of pharmaceutical contraceptives often causes undesirable side effects. Many antioxidant compounds are found in GJ, which contains flavonoids, catechin, epicatechin, quercetin, and anthocyanins [19] .
In this study, we found a decrease in the body weight difference of all experimental groups compared to the control group, and a decrease was also observed in the weight of the reproductive organs (testes and prostate) of the third experimental subgroup (400 mg/kg of GJ) in comparison with the control group. Castilla et al [20] reported that GJ supplementation produced a significant reduction in the concentration of low-density lipoprotein in healthy subjects. On the other hand, Boqué et al [21] have suggested that polyphenolic plant extracts (apple, cinnamon, grape, birch, etc.) may be beneficial for reducing body fat. Our findings are partially in accordance with the above studies. This effect is probably useful to prevent cardiovascular disease. With this in mind, the statistically significant decrease in the weight of the testis and prostate observed in the rats treated with 400 mg/kg of GJ may have been due to decreased testicular and prostate secretions, the reduced volume of their content, or reduced levels of adipose tissue. However, our results did not seem to show dose-dependent outcomes, although the body weight results tended to decrease with increasing doses of GJ. Thus, lower doses are recommended in human use in order to avoid side effects.
This study demonstrated that treatment with GJ significantly reduced sperm motility, count, and DSP in all treatment groups. This reduction was more dramatic at higher doses. Likewise, we found a significant decline in inhibin B levels in all treated groups. The changes in epididymal sperm motility, sperm count, and testicular DSP may have been due to dysfunction in the testis and epididymis, increased apoptosis, decreased gonadotropins, decreased FSH, or decreased testosterone [22] . Inhibin B levels reflect Sertoli cell function and are inversely related to spermatogenesis and age-dependent changes in FSH levels. The Sertoli cells secrete inhibin B into the blood, acting on the pituitary gland to restrict FSH production in response to spermatogenesis. The quantity of inhibin B secreted depends on the activity of the Sertoli cells, meaning that high serum levels of inhibin B indicate good sperm production. Testosterone also affects the brain, leading to restricted FSH production. Moreover, inhibin B has been proposed to be an indicator of testicular function and a possible surrogate for sperm metrics [23] . Illingworth et al [24] reported that inhibin B concentrations were progressively lower in men with increased levels of spermatogenic damage, and are undetectable in men with azoospermia. Possible mechanisms identified for the compounds in the plant extracts in question include the inhibition of gonadotropin secretion [25] , interference with steroid genesis at the testicular level [26] , and decreasing progesterone concentrations [27] . Another possible mechanism is the inhibition of hyaluronidase activity in rat sperm, which decreases their ability to penetrate the ova, thus interfering with fertility. This effect is probably related to flavonoid activity [28] . Similar research has been done on the reproductive systems of diabetic mice, suggesting that GJ may cause a loss of protein as a result of the unavailability of carbohydrates for producing energy [29] . A study conducted on the effects of celery found that the inhibitory effect of an ethanolic seed extract of Apium graveolens on hyaluronidase activity was associated with its high flavonoid content [22] . Moreover, the findings of this study confirm those of our previous study assessing the effect of a hydroalcoholic extract of V. vinifera leaves on reproductive parameters in adult normal male rats, in which we reported that the administration of this extract affects spermatogenesis and results in the decline of some sperm parameters in the rats [30] .
CONCLUSIONS
The oral administration of GJ to male rats led to significant reproductive effects. These effects may reflect the reduced levels of inhibin B, which may be responsible for the decline in gonadotropin release, leading to changes in spermatogenesis. It is also possible that the flavonoid content of the extract may have had a direct or indirect effect on the seminiferous tubules, reducing the number of sperm cells. Further experimentation is needed to understand the exact mechanism(s) of the reproductive effects of GJ. The authors of the present study also suggest that the effect of GJ on body weight loss should be studied.
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